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Abstract
We consider the two schemes with four massive neutrinos which are compatible with the results










appearance in long-baseline experiments are strongly suppressed.
The investigation of neutrino properties, in particular of neutrino masses and mixing, is one of
the most important problems in today's high-energy physics and many experiments are dedicated
to it. Among the numerous existing experimental results there are three positive indications which
come from neutrino oscillation experiments. Neutrino oscillations can occur only if neutrinos are
massive particles, if their masses are dierent and if neutrino mixing is realized in nature [1]. In this
case, the left-handed avor neutrino elds 
L
( = e; ; ) are superpositions of the left-handed
components 
kL
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, L is the distance between the neutrino source
and detector and E is the neutrino energy.
The three experimental indications in favor of neutrino oscillations come from the solar neutrino
problem [2], the atmospheric neutrino anomaly [3] and the results of the LSND experiment [4]. The
solar neutrino decit can be explained by transitions of 
e
















case of vacuum oscillations. The atmospheric neutrino anomaly can be explained by transitions
of 

's into other states due to a mass-squared dierence m
2
atm





results of the rst reactor long-baseline (LBL) neutrino oscillation experiment CHOOZ [5] exclude















is a sterile neutrino. Finally, the LSND experiment found












, which takes into account the negative results of other short-baseline (SBL)
experiments [6]. Therefore, the three experimental indications in favor of neutrino oscillations imply
that there are three independent mass-squared dierences and the number of massive neutrinos is
bigger than three. In the following we consider the simplest possibility of existence of four massive






that contribute to the
invisible width of the Z-boson measured with high accuracy by LEP experiments, there is a light
sterile avor neutrino 
s
that is a SU(2)
L
singlet and does not take part in the standard weak
interactions.
Almost two years ago we have shown [7] that among all the possible four-neutrino mass spectra


































In these two schemes the four neutrino masses are divided in two pairs of close masses separated
































for the suppression of solar 
e







Let us dene the quantities c




























































oscillations obtained from the exclusion









. The exclusion curves obtained in the Bugey reactor experiment and in the

















for any value of m
2







The smallness of c
e
in both schemes A and B is a consequence of the solar neutrino problem [7].
It implies that the electron neutrino has a small mixing with the neutrinos whose mass-squared









in scheme B). Hence, the transition probability of electron neutrinos and antineutrinos into other
states in atmospheric and long-baseline experiments is suppressed. Indeed, it can be shown [11]




















The curve corresponding to this limit obtained from the 90% CL exclusion plot of the Bugey
experiment is shown in Fig.1 (solid line). The shadowed region in Fig.1 corresponds to the range of
m
2
allowed at 90% CL by the results of the LSND and all the other SBL experiments. The upper
bound for the transition probability of 
e
's into other states obtained from the recently published
exclusion plot of the CHOOZ [5] experiment is shown in Fig.1 (dash-dotted line). One can see that
the CHOOZ upper bound agrees with that obtained from Eq.(7). In Fig.1 we have also drawn the
curve corresponding to the expected nal sensitivity of the CHOOZ experiment (dash-dot-dotted




























































transitions measured in SBL experiments
with accelerator neutrinos. The bound obtained with Eq.(8) from the 90% CL exclusion plots of
the Bugey experiment and of the BNL E734, BNL E776 and CCFR experiments [12] is depicted










account matter eects. The expected sensitivities of the K2K long-baseline accelerator neutrino
experiment [13] is indicated in Fig.2 by the dash-dotted vertical line. The shadowed region in Fig.2
corresponds to the range of m
2
allowed at 90% CL by the results of the LSND and all the other










smaller than 4 10
 2
and smaller than the expected sensitivity of the K2K experiment.
In conclusion, we have shown that in the four-neutrino schemes A and B which are compatible






























































are not constrained at all). The two schemes A and B have identical implications
for neutrino oscillation experiments, but very dierent implications for neutrinoless double- decay






























is the eective Majorana mass that determines the matrix element of
neutrinoless double- decay and m(
3
H) is the neutrino mass measured in tritium -decay exper-
iments. Therefore, in scheme B jhmij and m(
3
H) are smaller than the expected sensitivity of the
next generation of neutrinoless double- decay and tritium -decay experiments. The observation
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